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A wealth of data was gotten for the 19 Aug 2015 thunderstorm. This includes extensive remote sensing data, numerous TV and news reports. Here, the information relevant for the present study is under consideration.
The structure of this article is the following. A brief description of the climatology of investigated region is presented in section 2. Synoptic situation which determined the development of the supercell is presented in section 3. In sections 4-7, we describe the data sets: upper air sounding, radar, lightning and satellite data. Section 8 is devoted for search of pair correlations between radar-lightning and satellite-lightning data, and finally triple radar-satellite-lightning data is analyzed. In section 9, we assess relation between lightning activity and hail size, while section 10 describes tornado features produced by the supercell. Finally, in Section 11, we conclude with a summary of the results and with some recommendations for future research.
Climatology
According to recent climate classification by Beck et al. [1] as well as Peel et al [2] , the region of concern (Figure 1) refers to humid subtropical climate (Csb -Warm temperate with warm and dry summer) on the west, Humid Continental in the middle southern part (Dfb -Temperate continental climate with hot and warm summers) with hot summers and year round precipitation and cold semi-arid climate (BWh -arid desert) on the east. The amount of annual and monthly average rainfall in the period 1991-2016 is presented in Figure 2 , it varies tremendously for different parts of selected area [3] . Monthly precipitation for western part (Figure 2a ) is around 80 mm in August, 45 mm for central part (Figure 2b ) and 36 mm for eastern part (Figure 2c ). August is characterized as the warmest month for all three areas. based on measurements which were carried out at mentioned stations are presented in Figure 5 for at 0 and 12 UTC (http://weather.uwyo.edu/upperair/sounding.html). Tables 1 and 2 
4.2
The analysis of atmospheric indexes derived from soundings for 0 and 12 UTC is presented below in Table 1 . Calculated indexes for Tuapse station showed the highest probability of thunderstorm formation in comparison with the other two stations. Air temperature was very high with the daily maximum ranging between 30.0 and 33.0°C, this could potentially initiate the development of thunderstorm. Moreover, cumulus cloud development was favored due to very high humidity in atmospheric boundary layer; it that exceeds 80% at 0 UTC and 60% at 12 UTC, low deficit of dew point was registered.
Some of the atmospheric instability indexes were characterized by relatively high values, they did not reach the extreme values, but showed a potential for scattered severe storms development.
Other indexes provided information about considerable levels of convective available potential energy (CAPE) and a high likelihood of extensive convective systems (K Index).
Analysis of radiosonde data of Tuapse station at 0 UTC showed (Tables 1 and 2 
Weather Radar Data
Several radars are installed in different parts of the investigated area. Some of the radars provided data each 10 minutes while others -each 3.5 minutes depending on the main purpose of their exploitation (storm warning, hydrology or hail suppression). These data provided possibility to track supercell storm from its origin at the coast of Black Sea to the coast of Caspian Sea, which Cb reached to the end of the day, though according to satellite data the supercell crossed the Caspian Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2019 doi:10.20944/preprints201912.0033.v1
Sea and invaded to neighboring country Kazakhstan. We acknowledge this limitation of the data from these storms.
Special software package suite ASU-MRL [4] was implemented for processing weather radars data, assimilation of satellite-lightning data and output of different radar products on the background of administrative map, as well as terrain map. Advanced tools and algorithms available Cloud volume estimated by reflectivity greater than 15 dBZ at the peak of its development was nearly 10 5 km 3 (Figure 7c ). Vertically integrated liquid reached extreme value 120 kg/m 2 (Figure 7d 
Lightning Data
The simple conceptual model of the gross charge of thunderclouds, which has prevailed to the present, is based on dipole/tripole structure, as may be seen in comprehensive review of the charge distribution of storms by Williams [7] . In this context dipole/tripole refers to vertically separated, oppositely charged regions. However actual thunderstorms charge distribution usually is more complex than a simple dipole/tripole [8] . Some electric fields profiles measured by vertical soundings through storms have been so complex that it is doubtful that even gross structure of the charge distribution should be approximated as a dipole or tripole. In frames of this block we will be concentrated more on the frequency of positive and negative discharges produced by supercell and measured instrumentally rather than on considering the theory behind their formation. processing center , which provides the acquisition, processing, and archiving of the lightning discharge data (coordinates, polarity, discharge type, currents, etc.). Each station has two sensorslow frequency (LF) and high frequency (VHF). The low-frequency LF sensor detects mainly lightning discharges of cloud-to-ground type. The high-frequency VHF sensor detects dominantly discharges of the cloud-to-cloud and intracloud type. Detection range for different types of lightning discharges is different. For the cloud-to-ground discharges, the maximum range is 625 km from the network center, and it is 325 km for the cloud-to-cloud discharges. The LS8000 system allows to determine the location of the lightning discharge with an accuracy ± 300 m; lightning discharge polarity with an accuracy 100%; lightning current values with an accuracy 10%; discharge time -12%; the classification of discharges types (cloud-to-cloud, cloud-to-ground) with an accuracy close to 100%. However, joint analysis of the lightning and radar data [10, 11] has shown that flashes detection accuracy is estimated as 5 to 10 km, which is satisfactory for current analysis. In spite of this, the complex relief of the Caucasus seems to impair the quality and completeness of lightning data, but this fact has not been studied by us. development. An important fact is that the maximum frequency of discharges of different types (CG, CC) coincides in time, showing that the nature of all discharges is very similar. Total current of the CG discharges (Lf+) of positive and negative (LF-) polarities is almost identical in magnitude and differs by sign. It equals to 200-300 kA at the peak of development. Second-order polynomial trends obtained for the curves have a satisfactory correlation with data points, poorly describing the peak values of the characteristics at the time of their maximum, and correlate well with data points during development and dissipation stages. There is need to mention, that the beginning of the storm development was poorly measured due to the big distance from available sensors, much beyond area of reliable detection. We acknowledge this limitation of the data from this storm. Here LF denotes to cloud-to-ground discharges and VHF to inter-cloud discharges.
Satellite Data
Satellite observations show that studied supercell Cb was formed at 0727 UTC in the coastline of Black Sea. Satellite imageries for different time periods are presented in Figure 10 . Figure   5b ). The maximum height of the cloud top is estimated as 17 km ASL, which is comparable to radar data (Figure 7b ). It is seen that the minimum temperature decreased to 12 UTC, which indicates an increase in the height of the top.
The position of the cloud top is found using split technology (split-window technique).
Difference between the radiation temperatures of the pixels corresponding to the clouds was determined in the radiometer channels 6.2 and 10.8 μm and then its maximum value was found as max(dif = T6.2 -T10.8); The position of the pixel with the maximum of this difference (Figure 11b ) was taken as the position of the top of the cloud [12, 13] .
Almost the same height of cloud top is obtained using 10.8 μm channel itself, where the pixel with minimum radiation temperature is assumed to be associated with cloud top. According to Data from multispectral measurements using a SEVERI radiometer, installed on a satellite, was used to assess precipitation intensity IMVtop. The minimum radiation temperature Tmin at the top, measured in the atmospheric 10.8 μm window, was used to calculate precipitation intensity. It was determined by the regression ratio between precipitation intensity and temperature at the cloud top [12] . It is based on the relationship between the height of the top and the intensity of precipitation, which increases with increasing cloud thickness by formula: IMVtop = 3.524*10 13 *Exp(-0.133* Tmin),
The intensity of precipitation was in the range 20-150 mm/hour (Figure 11d ). The maximum intensity was recorded at 1536UTC. consequent radar scans were retrieved, then the frequency of lightning was calculated by dividing their number on time in minutes between radar scans. This usually implies that a lightning discharge has occurred within a radius of several kilometers from the boundary of cloud. For the sake of consistency, we have chosen only those discharges which coexisted geographically with radar reflectivity of the investigated cloud greater than 5 dBZ, while others flashes were excluded from analysis.
Interlinks between radar and lightning characteristics
In this section, we analyzed correlation relationships between various radar derived characteristics and the intensity of lightning discharges of the supercell cloud. The better correlation (R=0.7) was found for pair V45 (km 3 ) and intensity of LF discharges (Figure 11c ). A slightly weaker correlation (0.63) was obtained for intensity of VHF discharges (Figure 11d ). Nearly the same correlation was found for pair Zmax and intensity of VHF discharges (0.66) (Figure 11b ), and (0.5) for LHF discharges (Figure 11a ). Weaker correlation was found between cloud volume having radar reflectivity exceeding 35 dBZ and intensity of LF (0.436) ( Figure 11e ) and VHF (0.44) (Figure 11f) discharges. Correlations between precipitation intensity and intensity of LF and VHF discharges had coefficients 0.45 and 0.57 respectively (Figure 11g-h) .
Such relatively weak to moderate correlations may indicate the fact that the 5 radars, which data was utilized in this analysis, have different measurement errors associated with the influence of complex terrain, different wavelengths and antenna beamwidth, calibrations, etc. The main error in measuring lightning characteristics in this case is the large distance of the supercell from the registration stations (see Figure 8 ), especially during its development stage near the Black Sea. In the absence of the indicated errors, our opinion is that the correlations should be higher. Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2019 doi:10.20944/preprints201912.0033.v1
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Interlinks between satellite, radar and lightning characteristics
In this block, to assess the trends of all types of data and their consistency, we tried to combine the following parameters together on the same time chart -lightning frequency for cloud-to-cloud and cloud-to-ground flashes, satellite derived cloud top temperature and precipitation intensity, radar derived vertically integrated liquid and cloud volume with reflectivity exceeding 45 dBZ ( Figure 12 ).
It can be seen from the graph that all these parameters grow, stagnate and decrease in unison, especially radar and satellite characteristics. Radar derived characteristics reached their maximums earlier than maximum of lightning activity. Lightning characteristics have some delay in their increase at the stage of cloud growth and more quickly fall out in the stage of dissipation, though it may be a result of the bigger distance between the cloud and zone of reliable signal reception for this period. red dots and circles denote to minute intensity of lightning discharges of LF and VHF types by LS8000 system; blue -absolute cloud top temperature in degrees Celsius and precipitation intensity by Meteosat-10 data; green -cloud volume with radar reflectivity exceeding 45 dBZ and VIL.
Hail
According to radar data, hail existed almost continuously throughout the period of Cb existence, except 20-30 min after its appearance (Figure 7f ). It can be noted that in 1 hour after the cloud was formed, the hail size was already 4-5 cm. Further, the hail size oscillated within the mentioned limits for 7.5 hours and only then began to decrease. Such a long hail existence makes it possible to obtain some estimates of the relationship between hail size and lightning activity of the cloud (Figure 14) . These estimates show that thunderstorm activity increases generally for both cloud-to-ground ( Figure 14a ) and intracloud (Figure 14b ) discharges with increasing hail size, the dependencies are moderate (R = 0.46 -0,59). A weaker dependence (0.39) is obtained for the pair hail size -total current of LF discharges (Figure 14c ). 
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Tornado
According to media sources and eyewitness observations it is known that the cloud at certain periods had a narrow funnel-shaped upward flow, similar to a tornado shape. However, no well-documented ground data on tornado existence was found, and further conclusions of this block are based on Doppler-polarimetric radar analysis, which usually offer remarkable insight into the dynamics and microphysics of convective storms.
The dual-polarization variables that were utilized are radar reflectivity factor at horizontal polarization (ZHH), differential reflectivity (ZDR), the magnitude of the copolar cross-correlation coefficient [|ρHV (0)|; herein ρHV], Doppler velocity (vr), and specific differential phase (KDP). For a review of the polarimetric variables and the utility of polarimetric radar data in meteorological applications, see, for example [14] [15] .
Tornadic debris signature (TDS) is mainly governed by debris loft having randomly orientated particles. Irregular shape, large size and high dielectric constant of debris results in high ZH, low ZDR, and anomalously low ρHV [16] . In our case ZH exceeded 60 dBZ ( Figure 15-16a ), ZDR > -1 dB ( Figure   15 -16b), ρHV < 0.6 ( Figure 15 -16d ) in the investigated case. TDS is usually collocated with the tornado vortex signature (TVS) [14, 17] . TVS is marked on figure 17 . It is located in the same place as TDS.
Extreme Doppler velocity reached values -43 and +63 m/s. In addition prominent radar echo hook [18] was easily identified in 1 km layer above the ground (Figure 15a ).
Intense local convergence zone in the near-surface layer produces strong updraft which then sucks insects and/or other light debris, including grass, leaves, or dust. This debris is characterized by irregular shapes and random orientation, which contribute to the drop in ρHV [16] . Inflow signature is marked on figure 15c . Figure 15 ). It is hypothesized to appear as a result of strong size sorting in the presence of strong veering wind shear in supercell environments [15] .
At low levels, an area of enhanced KDP (Figure 15-16d) is often observed within the heavy precipitation core of supercells, called the "KDP foot" [19] . Though it largely overlaps the ZH core, KDP is less sensitive to large hail and thus is a better indicator of heavy rain and small melting hail. Thus, the KDP foot may be a better indicator of the downdraft regions, at least those driven by rain evaporation and hail melting.
TDS, TVS, ZDR column, ZDR arc, and KDP foot were observed during the entire period (1130 -1433 UTC) when the supercell was in the near zone of the radar (< 120 km). Inflow was observed from 1333 to 1433 UTC. Figure 15 ).
Conclusions
A combinatorial analysis of the case study of supercell thunderstorm developed on 19 Aug 2015 in the Northern Caucasus was carried out. Radiosonde, satellite, radar and lightning data were 
